Purpose To determine ophthalmologic and systemic factors associated with the presence of cystoid macular oedema (CMO) in patients with uveitis. Methods Retrospective cross-sectional study in which 97 consecutive patients with uveitis filled in an extensive questionnaire for the presence of cardiovascular diseases and its risk factors. An analysis of the ophthalmologic and questionnaire data was conducted.
Introduction
Cystoid macular oedema (CMO) is a major cause of visual loss in patients with uveitis. 1, 2 Despite aggressive treatments, progression of CMO with accompanying visual loss is common. 3 The pathogenesis of inflammatory CMO is largely unknown, as are the factors that determine either visual recovery or irreversible loss of vision in an individual patient with CMO. Several studies have pointed out the increased frequency of systemic cardiovascular disorders (CVDs) in CMO due to diabetic retinopathy, central retinal vein occlusion, and post intraocular surgery. [4] [5] [6] [7] [8] Recent reports showed that systemic microvascular damage, which is a risk factor for developing CVD, was associated with inflammatory and diabetic CMO.
9,10 Herein, we evaluate the impact of age, presence of CVD, CVD risk factors, and ophthalmologic data in uveitis patients with and without CMO.
Materials and methods
This study included 100 consecutive patients with uveitis who consulted our uveitis clinic that combines secondary and tertiary ophthalmologic care. All patients were checked for a history of cardiovascular diseases or their risk factors using an extensive questionnaire used in the department of vascular medicine.
11
Three uveitis patients were left out of the analysis, because of incomplete data sets. This study was performed according to the tenets of the Declaration of Helsinki.
The variables collected were the general medical history, medication, age, age at onset of uveitis, duration of uveitis and CMO, family history of CVDs, and presence of CVD and its risk factors. The diagnosis of cardiovascular disease included a history of myocardial infarction, angina pectoris, coronary arterial bypass graft, aortic aneurysm, ischaemic stroke, transient ischaemic attacks, carotid artery occlusion, and intermittent claudication. Risk factors for CVD in this study were hypertension, hypercholesterolaemia, smoking, pack-years, and higher BMI. 11 Pack-years were calculated by multiplying the duration of smoking by the number of cigarettes smoked per day, divided by 20. 11 Patients with diabetes mellitus were excluded from this study; therefore, this risk factor was not included in our calculations.
In addition, we conducted a retrospective analysis of the ophthalmologic data of all patients with uveitis, with the emphasis on specific diagnosis and location of uveitis, presence, onset, and severity of CMO. 12 The presence of CMO, vasculitis, papillary leakage, retinal occlusions, or multiple retinal haemorrhages were evaluated on fluorescein angiograms. The fluorescein angiograms (n ¼ 83) were evaluated by the researchers (KP) and by an experienced, masked ophthalmologist (AR). In the remaining 14 patients were the above symptoms and CMO defined by clinical criteria. 13, 14 For statistical analysis (w 2 , Kruskall-Wallis, MannWhitney U-tests for nonparametric analysis, univariate, and multivariate logistic regression), SPSS version 12.0 was used.
Results
Ophthalmologic and cardiovascular data of our uveitis patients are given in Table 1 . The mean age at participation in our study was 47.5 years (range 12.3-82.5; median 45.3) and the mean follow-up (date of onset of uveitis until the date of completing the questionnaire) 8.4 years (range 0.0-40.9, median 6.6). The male-tofemale ratio was 1 : 1.9 (34/63).
Overall analysis of our group of 97 uveitis patients showed CMO to be present in 43/97 (44%), vasculitis in 41/85 (48%), papillary leakage in 41/77 (53%), and retinal occlusions in 10/78 (13%; Table 1 ).
In patients with CMO, panuveitis was the most frequent anatomic location of uveitis (49%, P ¼ 0.001). Uveitis patients with CMO also exhibited papillary leakage on fluorescein angiography (25/38, 66% vs 16/39, 41%, P ¼ 0.03) more often. The presence of CMO was strongly associated with a higher age of our patients (54.7 vs 41.8 years, Po0.001). Uveitis patients with CMO were older at the onset of uveitis (47.1 vs 32.9, Po0.001) and, in univariate analysis, showed higher BMI (25.0 vs 23.6, P ¼ 0.045) and more pack-years (14.2 vs 5.1 years, P ¼ 0.002; Table 1 ). The duration of uveitis was not associated with the presence of CMO (P ¼ 0.4). The prevalence of CVD among patients with or without CMO did not differ significantly (7/43, 16% vs 3/54, 6%, P ¼ 0.1). The numbers indicate the patients in which the specific retinal changes could be clinically examined and/or sufficiently evaluated on fluorescein angiograms.
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Multivariate logistic regressions showed that age at onset and papillary leakage were the most important independent factors associated with CMO ( Table 2 ). There was a trend indicating retinal occlusions as an independent risk factor for the presence of CMO (odds ratio 9.9; 95% confidence interval (CI) 0.7-141.7; Table 2 ), but due to the lack of statistical power this finding did not reach significance. The relationship between BMI, pack-years, other CVD factors, location of uveitis (panuveitis), and CMO diminished after adjustment for age.
Uveitis patients older than 50 years (n ¼ 41), had a 3.8-fold higher risk of having CMO than patients younger than 50 (n ¼ 56; 95% CI 1.6-9.0), and patients above 70 (n ¼ 12) had even a 4.5-fold higher risk (95% CI 1.2-19.6). In patients above 50 who also exhibited papillary leakage, the prevalence of CMO was 81% (13/16). Patients younger than 50 with concomitant papillary leakage showed CMO in 48% (12/25), whereas in younger patients without papillary leakage, the prevalence of CMO was only 11% (2/19, P ¼ 0.008). CMO in patients above 50 with panuveitis was noted in 11/13 (85%) of patients in contrast to 14/28 (50%) in patients without panuveitis (P ¼ 0.03).
Discussion
We observed a strong association between advancing age and presence of CMO in uveitis patients. The risk of the presence of CMO in patients older than 50 years was 3.8-fold higher compared to those younger than 50 years. This association was independent of the duration of uveitis. In addition, papillary leakage was an independent factor associated with the presence of CMO. CMO in uveitis was also associated with increased BMI, prolonged heavy smoking, and location of uveitis (panuveitis), but these associations diminished after adjustment for age.
Determinants of early development of CMO have not been systematically investigated in the past. Incidental reports showed several characteristics that preceded the development of CMO in uveitis, including decreased contrast sensitivity, abnormal colour vision, and photoreceptor dysfunction and/or loss. 15, 16 The prevalence of CMO has further been associated with specific uveitis entities including pars planitis, Behçet's syndrome, birdshot chorioretinopathy, and peripheral multifocal choroiditis. [17] [18] [19] In this present study, the most important prognosticator for the presence of inflammatory CMO was the advancing age of the patient, which seemed to be independent of the duration of uveitis. A longitudinal prospective study should be performed to see if these factors contributed to the development of CMO.
An association between the prolonged duration of uveitis and the presence of CMO has been noted previously by others; 12, 20 however, the effect of the absolute age of the uveitis patients on CMO was not investigated. Hypothetical explanations for this finding might include decreased function and/or degeneration of retinal cells during life, a process that may be enhanced by an intraocular inflammation. 21 The eventual compromised condition of the vascular wall in aged persons, associated with increasing leakage of fluid through the vessels combined with a reduced ability of reabsorption of fluid through the elderly retinal pigment epithelium and Bruch's membrane, might also play a role. In the literature, the negative influence of age on the visual outcome of CMO has been described in retinal occlusions and diabetic retinopathy, and was attributed to insufficiency of the vascular endothelium with a subsequent increase of leakage of fluids, or inability to reabsorb fluid in older patients. [22] [23] [24] [25] Surprisingly, no association between the duration of the uveitis and CMO was noted in our study. This contradiction with previous reports can be explained by the large number of patients with chronic uveitis included in our series (the mean duration of uveitis in our CMO group was 7.6 years and in our non-CMO group 9.0 years). It is probable that the duration of uveitis might influence the development of CMO, especially during the first months or years after the onset of the intraocular inflammation. The influence of duration of the inflammatory process on the development of CMO probably decreases in cases that had already become chronic (as in the majority of our patients).
In our patients, we did not observe a significant correlation between CVD and/or its risk factors, except for age and the presence of CMO. An objective method to measure generalized vascular disease would require microalbuminuria and/or intima-media thickness measurements, which was beyond the scope of this study. In a recent study, however, we reported that trace microalbuminuria was noted in patients with uveitis and CMO in contrast to uveitis patients without CMO. This indicates that systemic microvascular leakage is Eye associated with the development of CMO in uveitis patients. 10 Therefore, we cannot entirely exclude the association between CVD and/or its risk factors and inflammatory CMO, also because our study included only a limited number of patients with CVD. To analyse the actual impact of CVD and its risk on the development and prognosis of CMO, a large age and gender-matched study of preferably elderly uveitis patients would be required.
The use of a questionnaire to assess the presence of CVD is a frequently employed and fairly reliable tool, but remains a subjective method, relying on the patients' cooperation and memory. 26 We used fluorescein angiography to analyse the inflammatory CMO. In a condition of chronic CMO, one may be looking for subtle changes that can be picked up only on optical coherence tomography (OCT), which is a more sensitive technique for evaluating macular thickness. Unfortunately, OCT was not available for our study. Another possible drawback of this retrospective study from a tertiary centre is an element of selection bias (patients with worse disease tend to be retained and those with mild disease lost to follow up). Further, additional referral bias is also present because the patients with mild disease would not be referred to our centre.
Unexpectedly, a firm association between papillary leakage and CMO was observed. The association of CMO and optic disc leakage has also been reported following cataract extraction (Irvine-Gass syndrome). The pathogenesis of Irvine-Gass syndrome is attributed to mechanical forces in the vitreous and attachments of the vitreous around the macula and optic disc, as well as to an inflammatory component. 27, 28 In phakic uveitis patients, the pathogenesis of concomitant optic disc leakage with CMO is unknown, but mechanical traction or adhesions of the vitreous might also play a role, considering the improvement of inflammatory CMO after pars plana vitrectomy. 3, 29 An analysis of the natural history of the development of CMO would be necessary to clarify whether or when inflammatory CMO is preceded or accompanied by leakage of the optic disc.
Our study points out that elderly patients or patients with onset of uveitis at advanced age and patients with optic disk leakage carry an increased risk of having CMO. Our observations indicate that an earlier and forceful treatment of uveitis in elderly patients might postpone the development of CMO and thereby improve the visual prognosis of elderly patients with uveitis.
